Background: Evaluation of health-related quality of life (HRQoL) in patients with Alzheimer's disease (AD) is necessary to ensure optimal management. Several scales for assessing HRQoL of patients with AD exist, in particular the Quality of Life in Alzheimer's Disease (QoL-AD), which includes an evaluation by the caregiver of the patient's HRQoL. The aim of this study was to identify factors associated with patient, caregiver and overall HRQoL as assessed by the QoL-AD. Methods: Cross-sectional multicenter study in subjects aged 65 years and older, with mild to moderate AD. HRQoL scores from the QoL-AD were recorded (3 scores, corresponding to patient, caregiver and overall), as well as sociodemographic variables for the patient and the caregiver, and data from the geriatric cognitive assessment (cognitive, psycho-behavioral, functional evaluations). Caregiver burden was evaluated using the Zarit caregiver burden scale. Factors associated with each QoL-AD score were identified by multivariate linear regression using ttests and β estimations. Study was registered in Clinical Trial.gov (NCT02814773). Results: In total, 123 patients with AD were included. For the patient QoL-AD evaluation, depression was significantly associated with lower HRQoL (β = − 2.56 ± 1.28, p = 0.04), while polypharmacy (β = − 1.80 ± 0.99, p = 0.07) and anxiety (β = − 1.70 ± 1.01, p = 0.09) tended to be associated with lower HRQoL scores. In terms of caregiver evaluations, depression (β = − 3.46 ± 1.09, p = 0.002), polypharmacy (β = − 1.91 ± 0.92, p = 0.04) and the presence of caregiver burden (β = − 3.50 ± 0.91, p = 0.0002) were associated with lower HRQoL. For the overall evaluation, depression (β = − 3.26 ± 1.02, p = 0.002) and polypharmacy (β = − 1.85 ± 0.81, p = 0.03) were significantly related to lower HRQoL. Conclusions: Depression and polypharmacy were two factors influencing HRQoL in patients with AD, both by patient self-report and on the caregiver report. Thus, despite the discrepancies between HRQoL as assessed by patients with AD and HRQoL as assessed by their caregiver, the caregiver's assessment may be used to guide patient management when the patient can no longer complete QoL evaluations. Moreover, the association between caregiver burden and the caregiver's QoL-AD score underlines the need to take caregivers into consideration in the overall management of the AD patient.
Background
Alzheimer's disease (AD) is a chronic and progressive neurodegenerative disorder that affects cognitive functions such as memory, behavior and affective capacity, and leads to progressive loss of autonomy and the ability to partake in social activities (https://www.alz.co.uk/ research/files/WorldAlzheimerReport.pdf ). AD affects the daily lives not only of the patients but also of their entourage. Management of patients with AD is based on a multidisciplinary approach (medical, cognitive, psychological, social and functional), with the primary aim of maintaining the patient's well-being, and more generally, their quality of life (QoL) [1] . Cognitive, psycho-behavioural and functional assessment makes it possible to evaluate the impact of the disease on the overall capacity of a patient with AD. However, it does not inform about the patient's own perception of how the disease affects them. Yet, the patient's own point of view is a key element in developing a tailored healthcare plan.
Health-related quality of life (HRQoL) is a vast concept that encompasses physical and mental health, autonomy, social interactions and the relationship between a subject and their environment. Evaluating HRQoL in patients with AD is necessary to ensure optimal management, as it reflects the patient's own perception of the impact of their disease. Several specific scales for measuring HRQoL in patients with dementia have been developed [2] . HRQoL assessment is highly subjective, since it reflects patients' personal experiences [1] . Nonetheless, although self-assessment instruments can be used at the early stages of the disease, the progression of cognitive decline makes their use at later stages more difficult. Furthermore, the typology of cognitive impairment, the presence or absence of anasognosia, and the inevitable progression of the disease, make evaluation by a family member, relative or other loved one an attractive solution. Accordingly, certain HRQoL instruments comprise both self-reports and caregiver reports, such as the Quality of Life in Alzheimer Disease (QoL-AD) instrument, which comprises both patient and caregiver reports of patient HRQoL [3] . Yet, evaluation of the patient's HRQoL by a third party is debatable, and numerous studies have shown discrepancies between HRQoL as assessed by patients with AD, and the corresponding evaluation by their caregiver, mostly observing that loved ones underestimate the patient's HRQoL [4] [5] [6] [7] [8] .
The aim of this study was to identify factors associated with HRQoL in patients with AD, as assessed by the patient score, the caregiver score and the overall score on the QoL-AD. Relations between the determinants of these 3 scores and the 13 individual items of the QoL-AD were also analysed.
Methods

Patient inclusions
A multicentre, cross-sectional study in 7 French-speaking hospitals (Reims, Paris, Nancy, Dijon, Orléans, Joeuf, (France) and Geneva (Switzerland)) was performed between 2006 and 2008. Patients were recruited in memory clinics or geriatric medicine wards. To be eligible for inclusion, patients had to be aged 65 years or older, with mild to moderate Alzheimer-type dementia according to the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Text Revision (DSM-IV-TR) [9] and the National Institute of Neurological and Communicative Disorders and Stroke (NINCDS) and the Alzheimer's Disease and Related Disorders Association (ADRDA) criteria [10] . They also had to have a primary caregiver. Patients protected by law were not included.
The Institutional Review Board of the University Hospital of Reims, France, approved the study protocol. This non-interventional study did not in any way change routine care of the patients included. A double informed consent form was signed, by both the patient and their main caregiver. According to French law, patients could withdraw from the study at any time. Withdrawal from the study in no way affected subsequent management.
Data recorded
Data were recorded by a geriatrician during physical examination of the patient, and during the interview with the patient and caregiver.
Patient HRQoL was measured using the QoL-AD, which is a tool that is already validated in both English [3] and French [11] . This questionnaire comprises 13 items addressing the following points: physical health, energy levels, mood, living situation, memory, relationship with friends, relationship with family members, relationship with spouse, self-esteem, ability to do chores around the house, ability to do things for fun, financial situation and life as a whole. Each item is scored on an ordinal scale from 1 (poor) to 4 (excellent). The questionnaire is completed by the patient and by the caregiver (or informant) for the patient. Three QoL scores ranging from 13 to 52 are thus obtained, namely the patient score, the caregiver score and the overall score. The overall score is calculated as: [(patient score × 2) + caregiver score]/3 [3] . The higher the score, the better the HRQoL.
Functional capacities of the subjects was evaluated using 2 instruments, namely Katz's 6-item Activities of Daily Living (ADL) (i.e. bathing, dressing, toileting, transferring, continence, feeding) [12] and Lawton's Instrumental Activities of Daily Living (IADL) as modified by the PAQUID study to comprise 4 items, namely ability to use the telephone, do the shopping, use public transport and manage own medication [13] . For the ADL, a subject was considered independent if they could carry out the tasks without help. For the continence item of the ADL, the subject was considered not to be continent if there was occasional or complete incontinence.
Sociodemographic data pertaining to the patient (age, sex, level of education) and the caregiver (age, sex, relation to the patient) were also recorded. The presence of formal help (home nurse, home help, delivery of meals, attendance at a day-care centre) was evaluating using the Resource Utilization in Dementia (RUD) instrument [14] . Existence of caregiver burden was evaluated using the Zarit caregiver burden scale [15] , with a score of 21 or more indicating the presence of caregiver burden.
Clinical evaluation of patients was performed at inclusion. The Mini Mental State Examination (MMSE) score was recorded at admission [16] . Diagnoses were coded using the International Classification of Diseases version 10 (ICD10). The Charlson index was used to assess comorbidities [17] . We noted whether the patient was taking symptomatic treatment for AD (anti-cholinesterase drugs or glutamate receptors), as well as the use of psychotropic agents. The total number of drugs being taken by the patient was also noted, and polypharmacy was defined as 3 or more drugs per day [18] . Nutritional status was assessed by calculating body mass index (BMI). Obesity was defined as a BMI > 30 kg/m 2 and malnutrition as a BMI < 21 kg/m 2 ) [19] . The Neuro-Psychiatric-Inventory (NPI) [20] was used to assess the presence of psycho-behavioural disorders. The NPI comprises 12 items. The overall score is the sum of the severity (maximum 36 points) and distress (maximum 60 points) scores, and a higher score reflects more serious symptoms and/or greater distress for the caregiver. In addition to the overall score, the specific presence of each behavioural disorder was studied.
The Cornell scale for depression in dementia [21] was used to investigate the presence of depression in patients, with a score of 10 or more indicating the presence of depression.
Statistical analysis
Quantitative variables are reported by their mean ± standard deviation and qualitative variables by number (percentage). The factors associated with each of the three scores on the QoL-AD were investigated by bivariate analysis (Student t, Wilcoxon rank tests or Pearson's correlation coefficient, as appropriate). Multiple regressions (backward linear regression, with an exit threshold of 0.10, β estimations and tests to zero by t-test) were performed with scores on the QoL-AD as dependent variables. For each multivariate model, all variables with a p-value < 0.10 by univariate analysis were included. The conditions of validity of the linear regression models (normality of residuals, homoscedasticity and independence of residuals) were verified using graphical methods. The associations between the component items of the QoL-AD (qualitative ordinal variables) and the factors identified by multiple regression to be related to the patient, caregiver, or overall QoL-AD scores were investigated using the Cochran Armitage trend test. A two-sided p-value < 0.05 was considered as statistically significant. All analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
Study population
In total 123 patients with AD were included. The baseline characteristics of the study population are shown in Table 1 . Average age was 82.0 ± 6.2 years; the majority (63.4%) were women. Mean MMSE score was 20.7 ± 4.5, and 50.4% of patients had mild AD. One third (33.1%) had attended school up to the level of a high-school diploma. Caregivers were informal caregivers in 110 patients (82.1%), namely the spouse in 66 (65.3%), a child in 28 (27.7%) and other family in 7 patients (6.9%). Formal caregivers were a home nurse in 10 patients (45.5%) and a nursing auxiliary in 12 patients (54.5%). At inclusion, the average HRQoL scores as measured by the QoL-AD were 36.1 ± 5.0 for the patient score, 32.7 ± 4.9 for the caregiver score, and 35.0 ± 4.3 for the overall score. No participant refused administration of the QoL-AD, no participant dropped out during the course of administration. Four patients and nine caregivers had one or two non-completed items. These missing data were imputed using the procedure recommended by Logsdon (substitution by the mean score of the other items) [3] .
QoL-AD patient score
By bivariate analysis, the factors shown to be associated with the QoL-AD patient score were patient age (r = − 0.17; p = 0.05), polypharmacy (35.0 ± 4.7 versus 37.0 ± 5.2; p = 0.03), symptomatic treatment for AD (36.6 ± 4.8 versus 33.9 ± 5.1; p = 0.03), depression as assessed by Cornell's scale (33.3 ± 4.6 versus 37.1 ± 5.0; p = 0.005) and anxiety as assessed by the NPI (35.4 ± 5.0 versus 37.3 ± 4.9; p = 0.04). Variables included in the multivariate analysis were patient age, polypharmacy, use of psychotropic agents, symptomatic treatment for AD, depression (Cornell's scale), preserved motor capacity (ADL) and anxiety (NPI). In the multiple regression (Table 2) , the presence of depression as assessed by Cornell's scale was significantly associated with lower QoL score (β = − 2.56 ± 1.28, p = 0.04). Polypharmacy (β = − 1.80 ± 0.99, p = 0.07) and anxiety, as assessed by the NPI, (β = − 1.70 ± 1.01, p = 0.09) tended to be associated with lower QoL score, albeit without reaching statistical significance. Analysing the items of the QoL-AD individually (Table 3) , a significant decrease in the depression rate across the range of responses (i.e. from item response 1 (poor HRQoL) to item response 4 (excellent HRQoL)) was shown for the following items: mood (p = 0.0002), ability to do things for fun (p = 0.01), life as a whole (p = 0.0009) and memory (p = 0.02). A significant decrease in the rate of polypharmacy from item response 1 (poor HRQoL) to item response 4 (excellent HRQoL) was observed for the physical health item (p < 0.0001), and a significant decrease in the rate of anxiety from item response 1 (poor HRQoL) to item response 4 (excellent HRQoL) was observed for the following items: mood (p = 0.03), memory (p = 0.001) and self-esteem (p = 0.04).
QoL-AD caregiver score
By bivariate analysis, the factors shown to be associated with the caregiver scores on the QoL-AD were polypharmacy (31.6 ± 4.5 versus 33.7 ± 5.1; p = 0.02), depression as assessed by Cornell's scale (29.8 ± 3.8 versus 33.7 ± 4.5; p = 0.0004), preserved motor capacity as evaluated by the ADLs (33.2 ± 4.9 versus 30.8 ± 4.5; p = 0.04), agitation/aggression as assessed by the NPI (31.6 ± 4.7 versus 33.6 ± 4.9; p = 0.02), apathy as assessed by the NPI (31.7 ± 5.0 versus 33.9 ± 4.5; p = 0.01), disinhibition as assessed by the NPI (31.0 ± 5.0 versus 33.2 ± 4.4; p = 0.04), irritability as assessed by the NPI (31.7 ± 5.0 versus 33.8 ± 4.5; p = 0.01), sleep and nighttime behaviour change as assessed by the NPI (30.4 ± 5.3 versus 33.0 ± 4.7; p = 0.0003) and existence of caregiver burden (31.0 ± 4.8 versus 35.3 ± 4.1; p < 0.0001). Variables included in the multivariate analysis were polypharmacy, depression (Cornell's scale), presence of home nurse, agitation/aggression (NPI), apathy (NPI), disinhibition (NPI), aberrant motor behaviour (NPI), irritability (NPI), sleep and nighttime behaviour change (NPI), appetite & eating change (NPI) preserved motor capacity (ADL), ability to do shopping (IADL), ability to use transport (IADL) and existence of caregiver burden. In the multiple regression (Table 2) , the existence of depression as measured by Cornell's scale Life as a whole * * * *p < 0.05 (Cochrane Armitage test for trend). For all significant tests, a decrease in the rate of the associated factor (depression, polypharmacy, anxiety or caregiver burden) was observed across the spectrum of responses of the QoL-AD (i.e. from response 1 (poor HRQoL) to item response 4 (excellent HRQoL)) For example, for the item "mood" of the patient QoL-AD, the proportion of patients with depression was 67% for response "1", 29% for response "2", 10% for response "3" and 0% for response "4" (p = 0.0002) Polypharmacy: > 3 medications per day; NPI NeuroPsychiatric Inventory 
QoL-AD overall score
By bivariate analysis, the factors shown to be associated with the overall QoL-AD score were polypharmacy (33. (Table 2) , the presence of depression (β = − 3.26 ± 1.02, p = 0.002) and polypharmacy (β = − 1.85 ± 0.81, p = 0.03) were found to be significantly related to lower QoL score.
Discussion
Our study evaluated the factors associated with the different QoL scores measured by the QoL-AD instrument, namely the patient score, the caregiver (informant) score, and the overall score. In our study, depression and polypharmacy were found to be associated with the patient score on the QoL-AD, but also with the caregiver score.
Depression is a frequent comorbidity in patients with AD [22] . A link between depression and both the patient and caregiver scores of the QoL-AD has previously been reported by Chan et al. in a study of 111 patients with AD [23] , with poorer QoL observed in patients with depression. Several other studies have reported an association between the presence of depression and impaired QoL in AD patients, regardless of whether the QoL was self-reported or evaluated by others [3, 5, 7, 24] . Depression was the factor that most strongly influenced QoL as evaluated by the patient, with the highest β coefficient (compared to polypharmacy and anxiety). Regarding the caregiver's evaluation, depression was also found to strongly influence QoL, with a β coefficient of the same magnitude as that of caregiver burden. The findings of our study therefore underscore the importance of identifying and treating depressive symptoms in AD patients. However, detecting depression can be difficult, since certain depressive symptom may be mistaken for symptoms of dementia, such as apathy or decreased energy [25] . Special attention should therefore be paid to these types of symptoms both by healthcare professionals and the patient's close entourage. Antidepressants may treat depression in older adults but they incur a risk of adverse events because of comorbidities and drug-drug interactions in case of polypharmacy. For these reasons, older people receive lower-than-recommended doses of antidepressants, or are treated for too brief a period. Nonpharmacological interventions such as psychotherapy (cognitive behavioral therapy, and interpersonal psychotherapy) and exercise therapy for mild to moderate depression [25] but perhaps not really applicable in severe dementia patients.
Polypharmacy was associated with lower HRQoL on the caregiver score of the QoL-AD, and tended to be linked to poorer HRQoL on the patient evaluation. Analysis of the individual items of the QoL-AD showed that polypharmacy was significantly associated with lower scores on the physical health item, and this item alone was common to both the patient and caregiver reports. This relation is logical, since the need for many medications generally stems from the presence of multiple comorbidities, and the patient's perception of their own health is heavily influenced by the presence of such comorbid diseases. Similarly, a caregiver who sees their loved one suffering from several comorbid diseases is highly likely to rate the patient's HRQoL more negatively. In our study, comorbidities were assessed using the Charlson index, which was not found to be associated with HRQoL. This may be due to the limited ability of the Charlson index to record the whole spectrum of diseases in older patients [26] .
Anxiety showed a tendency to be associated with lower HRQoL on the patient evaluation, independently of the presence of depression but was not associated with HRQoL in the caregiver evaluation. A relation between anxiety and HRQoL has previously been reported [7, 18, 27] . Analysis of the individual items of the QoL-AD showed that anxiety was significantly related to lower HRQoL on the mood, memory and self-esteem items. The presence of depression also influenced the mood and memory scores in the patient reports. As regards the caregiver report, anxiety was not found to be associated with any items, but depression significantly influenced the same items, namely mood, memory and self-esteem. Symptoms of anxiety may simply be confused with depressive symptoms by caregivers, although they may appear before depression, or even be harbingers of impending depression. Anxiety often goes hand in hand with sleep disorders, and sometimes irritability or even anxious agitation. It is therefore not a negligible symptom, especially given than it can be successfully treated with medication and also by psychological methods that help the patient to express and externalize their worries.
In our study, existence of caregiver burden was found to be significantly associated with the caregiver's score on the QoL-AD. The majority of patients with AD who live at home are cared for by an informal caregiver, usually a member of their family (spouse or child). This caregiver bears the burden of care, and the weight of this burden increases as the disease progresses and requires increasingly complex care. It has been shown that the QoL of caregivers of patients with dementia was lower than that of caregivers for patients with other chonic diseases such as cancer [28] . Moreover, a person's QoL is known to influence their productivity in the work environment, as well as the rate of absenteeism for sick leave [29] . It is therefore plausible that the QoL of the caregiver of a patient with AD influences the quality of the care that caregiver can provide. Our study shows that caregiver burden influences the caregiver's perception of almost all the items of the QoL-AD, particularly the items "relationship with family" and "relationship with friends". For a patient with AD, their caregiver serves as a bridge to maintaining relations with their entourage. The presence of a significant burden renders the caregiver less available to perform this fundamental role. Caregiver burden also influenced the items "ability to do things for fun" and "ability to do chores". Both these items are subject to the patient's capacity for initiative, and if the patient has impaired initiative, then the caregiver have an essential role in stimulating the patient to perform activities in both these domains. A caregiver who is exhausted probably prefers to do the housework themselves, rather than accompany the patient, and taking the time to oversee the activities with benevolence and good will. The same is true for leisure activities. A key role of the caregiver is to propose leisure activities to the patient, or at least provide the logistics to enable the patient to participate in such activities, either by taking the patient to community-organized activities or day-centres etc. The mood item was also influenced by the presence of caregiver burden, which could be explained by the fact that AD patients are often highly sensitive to the emotions expressed by their entourage. If the caregiver is tired or depressed, the patient is likely to be aware of this, and may feel guilty for causing this state of stress, insofar as the patient is conscious of their own disease, as guilt is a leading symptom in depression. The burden of the caregiver is little perceived by the patient with Alzheimer's disease, especially when the disease progresses, mainly due to the fact that it is little expressed by the caregiver towards his patient. The burden of this caregiver is an embarrassment that he/ she feels internally and that he/she communicates on solicitation to his/her entourage and/or other caregivers who accompany him/her in the care of the patient. The burden of the caregiver acts indirectly on the patient because it modifies the relationship of spontaneity and satisfaction in exchanges, the patient often remaining in the capacity to perceive it in the person who helps. This relational exchange, largely emotional, is disturbed by the altered perception of the emotions that exist in AD. It is for these reasons that the burden, even if it is not perceived directly by the patient, has an impact on the patient and the psycho-behavioral alterations that he may present. Accordingly, evaluation of caregiver burden is of paramount importance in the management of patients with AD, especially since caregiver burden can be prevented by initiating formal help structures (such as home nurses, home help for housework, delivery of meals, day-care centre attendance for the patient etc).
Other studies have previously investigated the factors associated with patient and caregiver evaluations of QoL-AD. Some authors found discrepancies in the factors associated with QoL between the patient's evaluation and the caregiver's evaluation. Certain authors reported that the caregiver's score was influenced by behavioural disorders [27, 30] . In comparison to our study, the patient population was difference, because the other studies included patients living in long-term residential care facilities, and the caregivers who evaluated were the healthcare personnel of the nursing home and not the patient's informal caregiver as in our study. In the study by Chan et al., the authors reported that the severity of AD was associated with the patient's evaluation of their own QoL [23] . Chan's study included patients with all stages of AD, and MMSE scores ranging from 6 to 28. Conversely, our study included only patients corresponding to the population in which the QoL-AD instrument was validated, namely patients with mild to moderate AD.
Data in the literature show a discrepancy between the evaluation of QoL by the patient, and the evaluation of that patient's QoL by their caregiver [4] [5] [6] [7] [8] . In our study, depression and polypharmacy were found to be associated with the patient score on the QoL-AD, but also with the caregiver score. The existence of common determinants between these two scores pleads in favour of the ability of the caregiver to assess the parameters influencing the patient's QoL. In the context of progressive disease such as AD, this finding is of definite clinical interest. Indeed, when the patient's disease progresses such that the patient can no longer complete QoL evaluations, the caregiver becomes the only reliable source of HRQoL evaluation for the patient. Despite the discrepancies between HRQoL as assessed by patients with AD and HRQoL as assessed by their caregiver, the caregiver's evaluation can nonetheless be used to guide management when the patient can no longer self-assess, with a view to maintaining the patient's well-being, since the same factors are associated with both the caregiver's evaluation and the patient's own evaluation.
Limitations of this study include the non-inclusion of patients with severe AD. Our results show that the factors influencing QoL in patients with mild to moderate stage AD are the same, regardless of the method used to complete the instrument (self-report or administered). It seems important to validate these findings in patients with severe AD, since it is in this population that administration by another person has the greatest potential utility.
Conclusions
Our study identified two factors that influenced HRQoL in patients with AD, both by patient self-report and on the caregiver report, namely the presence of depression and polypharmacy. Thus, when the patient can no longer complete QoL evaluations, and despite the discrepancies between HRQoL as assessed by patients with AD and HRQoL as assessed by their caregiver, the caregiver's assessment may be used to guide patient management, with a view to improving the patient's quality of life. 
